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In our previous papers (8) (9) (10) (11) (12) , we reported that r-glutamyltranspeptidase (r-GTP) activity mainly participates in the biosynthesis of polyglutamate (PGA) in B. subtilis (natto) Asahikawa, isolated from the commercial product, "natto," and that the function of the 5.7-kilobases plasmid from the bacteria is in PGA production. Furthermore, we constructed the restriction endonuclease cleavage map of the plasmid (13) .
In attempts to ascertain the distribution of extrachromosomal DNA elements in strains of B. subtilis, UozuMI et al. (7) reported that plasmids in B. subtilis could be classified into six classes according to their molecular weights and restriction patterns. PGA productivity in B. subtilis (natto), which is taxonomically and genetically identical with B. subtilis, may often be lost by subculture or mutation of strains without significant change in growth. FuJii et al. (14) reported that PN phages isolated from B. subtilis (natto) strains were classified by host range into 4 groups and serologically into 3 groups. Based on these observations, the present communication describes the results of experiments in which we investigate whether B. subtilis (natto) strains harbor covalently closed circular (CCC) DNA, and, if they do, examine whether plasmid DNA is involved in a specific gene for PGA production.
MATERIALS AND METHODS
Microorganisms. The strains used in this work were described previously (10) . Media and culture conditions. The composition of the SG agar plate used for PGA production was sucrose 5 %, L-glutamic acid monosodium salt 1.5 %, KH2PO4 0.27 %, Na2HPO4.12H2O 0.42 %, NaCI 0.05 %, MgSO4.7H2O 0.05 %, and biotin 0.1,ug/ml, pH 6.4. The medium used to assay enzyme activities consisted of peptone 1.2 %, citric acid 0.2 %, glycerol 2 %, NH4C1 0.7 %, K2HPO4 0.05%, MgSO4.7H2O 0.05%, FeCl3.6H2O 0.004%, and biotin 0.1 cg/ml, pH 6.8.
Cultivation was carried out on a reciprocal shaker (120 strokes/min, pitch 50 mm) at 37°.
Assay of r-glutamyltranspeptidase activity. r-Glutamyltranspeptidase (1-GTP) activity was assayed as described previously (10) . One unit of 1-GTP activity was defined as the amount of enzyme which liberates 1 µmol of a-naphthylamine from r-glutamyl-a-naphthylamide and glycylglycine per min at 37°.
Isolation of plasmid. Cleared lysate of B, subtilis (natto) was prepared by the sodium dodecyl sulfate (SDS)-NaCI method of GUERRY et al. (15) with slight modification. Overnight cultures grown in nutrient medium were harvested and washed in cold buffer consisting of 0.03 M Tris-HC1 (pH 8.0), 0.05 M NaCI and 5 mM ethylenediaminetetraacetate (EDTA) (TES buffer). Cells were suspended in 5 ml of 25 % sucrose in TES buffer. A 0.75 ml portion of EDTA (0.25 M, pH 8.0) and 1.5 ml of lysozyme (Sigma Chemical Co., 5 mg/ml in TES buffer containing 25 % sucrose) were added, and the mixture was incubated for 30 min at 37°. A 0.75 ml amount of Pronase E (5 mg/ml in TES buffer predigested for 1.5 hr at 37°) was added, and the suspension was incubated for an additional 30 min at 37°. Lysis was brought about at room temperature by the addition of 0.75 ml of 10 % SDS in TES buffer. NaCI (0.75 ml, 5 M) was added, and the whole mixture was left overnight at 4°. The mixture was centrifuged for 30 min at 17,000 rpm and the supernatant fluid was aspirated and made up to a final volume of 6.0 ml with 50 mM EDTA (pH 8.0). Five g of solid CsCI and 0.1 ml of ethidium bromide (EtBr) solution (30 mg/ml in dimethyl sulfoxide) were added, and the density was adjusted to 1.575 g/ml. The mixture was centrifuged at 38,000 rpm for 40 hr at 4° in a Hitachi 65Ti rotor. The presence of CCC DNA was determined by visualization under ultraviolet illumination. When satelite bands were detected, they were collected and recentrifuged in CsC1-EtBr gradients.
Plasmid DNA was collected from the gradient, extracted with n-butanol three times and dialyzed against 10 mM Tris-HC1 buffer (pH 8.0) and 1 mM EDTA (TE buffer). The purified samples were used for analyses with restriction endonucleases.
Agarose gel electrophoresis. Plasmid DNA samples were analyzed by using 1.0 % agarose (Nakarai Chemicals, Ltd.) slab gel according to the method of SHARP et al. (16) . Electrophoresis was carried out at room temperature with 40 mM Tris, 20 mM acetic acid and 2 mM EDTA (pH 8.1). All plasmid DNA bands were identified by the fluorescence from integrated ethidium bromide under ultraviolet irradiation.
Plasmid DNA fragment molecular weights were estimated using A-HindIII fragments as standards (17) . The published values for these fragments in kilobase pairs (kb) were 23.7, 9.46, 6.61, 4.26, 1.98 and 0.58. These were used to determine unknown fragment sizes graphically, assuming a logarithmic relationship between molecular weight and electrophoretic mobility.
Digestion of plasmid DNA with restriction endonucleases. Restriction endonucleases BamHI, HincII and HindIII were purchased from Takara Brewery Co. Ltd., Kyoto, Japan. The conditions for the reactions for the cleavage of plasmid by the various enzymes were the same as those recommended by Bethesda Research Laboratory.
Nick translation and Southern blot hybridization. Plasmid pUHI, purified by CsCI-EtBr density centrifugation, was digested with BamHI and the 4.2-kb BamHI fragment was used to prepare a 32P-labeled probe by nick-translation (18) . Endonuclease digests of purified plasmid DNAs were electrophoresed in a 1.0 agarose gel. The resulting bands were transferred to a nitrocellulose filter (BA-85, Schleicher & Schull BmbH, Hinbeck, West Germany) by the Southern blot technique (19) and hybridized with denatured 32P-labeled probe. The filter was exposed to Fuji RX film for 17 hr at -70° with a Du Pont lighting-plus intensifying screen. VOL. 29
RESULTS

Some properties of various B. subtilis (natto) strains
Some physiological properties such as biotin requirement, viscous substance productivity and t-GTP activity in the various B. subtilis (natto) strains were examined. Biotin requirement was represented by the growth on SG agar plates in the absence and presence of biotin and on the steamed soybeans. Viscous substance productivity was indicated by the amount of slime produced on SG agar plates containing L-glutamic acid and biotin. As shown in Table 1 , biotin was essential for the growth of all the strains isolated from the commercial product "natto ." However, most strains of type cultures from the Institute for Fermentation, Osaka, did not clearly indicate biotin requirement except four strains. These strains requiring biotin for growth produced a considerable amount of viscous substance on SG agar plates, while strains not requiring biotin did not. Though high activity of r-GTP was detected in strain IF03025, which did not produce Table   1 . Biotin requirement, viscous substance production and r-GTP activity in various B. subtilis (natto) strains.
viscous substance, 1-GTP activity in PGA-producing strains was found to be generally high except in strain IF03009.
Isolation of plasmid DNA After treatment of the cells with lysozyme, pronase and SDS, the cleared lysate so prepared were analyzed on 1.000 agarose gel electrophoresis. Figure 1 shows plasmid profiles obtained by electrophoresis of cleared lysates of 18 strains of B, subtilis (natto). Satellite DNA bands were observed in 14 out of the 18 strains examined, including IF03009, IF03013, IF03022 and IF03335 as reference strains. Thirteen strains contained a single plasmid, and those plasmids were named as shown in Table 2 . Most of them were found to have identical electrophoretic mobility, whereas pLS 11 showed a slightly different array. Strain IFO3023 carried 3 plasmids species, but the other 4 strains (IFO3024, IFO3025, IFO3037 and 1F03 108) did not harborr small plasmids.
Identification of plasmid by restriction enzyme digestion
The B. subtilis (natto) strains harboring only a small plasmid were analyzed by preparing cleared lysates that were subsequently centrifuged in CsCI-EtBr gradients. Plasmid preparations thus obtained were digested with three restriction endonucleases BamHI, HincII and HindIII, and subjected to electrophoresis in agarose gels. The fragment sizes were estimated by graphical interpolation using data obtained from standard fragments subjected to electrophoresis on the same gels as the unknown fragments (see MATERIALS AND METHODS). The number of cleavage sites is summarized in Table 2 . Each plasmid except pLS 11 generated two fragments with BamHI, a single fragment with HincII and four fragments with HindIII. The molecular size of each plasmid was estimated to be about 5.7 kb based on the results obtained from enzyme digestion. These results indicate that 12 of the plasmids tested are indistinguishable by their molecular weights and restriction patterns.
The restriction fragment catalog of plasmid pLS 11 is given in Table 3 . The molecular weight obtained from the enzyme digestions shown in Table 3 is 8.6 kb. The restriction enzyme cleavage map shown in Fig. 2 is based on the sizes of the restriction fragments obtained from single and double digests. 
Plasmid interrelations demonstrated by hybridization
To determine the homology of the other plasmids in B. subtilis (natto) strains, the plasmids were digested with HindIII. The digest was analyzed by agarose gel electrophoresis (Fig. 3A) . DNA was transferred to a nitrocellulose filter, and hybridized with 32P-labeled probe. The 4.2-kb BamHI fragment (20) carrying the r-GTP gene from plasmid pUHI was used as a probe in the hybridization experiments. An autogram is shown in Fig. 3B . Strong hybridization was observed with each fragment generated from plasmids pUHI, pLS 15 and pLS 17, with HindIII. Interestingly, 3 fragments (2.3, 1.1 and 0.8 kb) of plasmid pLS 11 in strain IFO3022 generated with HindIII indicated strong hybridization with the Table 3 . Fragments produced on restriction endonuclease digestion of pLSll. 4.2-kb BamHI fragment probe, whereas the 2.1-kb HindIII fragment did not hybridize (lane 4 of Fig. 3B) . Strain IF03023 was also tested for hybridization. This strain was found to contain 3 plasmids (23.5, 9.6 and 2.8 kb) as seen in lane 5 of Fig. 3A , but neither plasmid DNA hybridized with the probe (lane 5 of Fig. 3B ).
DISCUSSION
In this paper, we report that 14 out of the 18 strains harbor plasmids, including B. subtilis IF03009, IF03013, IF03022 and IF03335 as reference strains. After treatment of lysozyme and SDS, 16 small plasmids were preferentially obtained. Plasmid preparations purified by CsC1-EtBr gradients were digested with three restriction endonucleases, and subjected to electrophoresis in agarose gels (Table 2 ). Based on these results together with the digestion patterns in agarose gels and the molecular weights of the plasmids, we classified 12 plasmids under the same type as pUHI, the functional plasmid encoding r-GTP gene, except plasmid pLS 11 and 3 plasmids in strain IF03023.
Fujli et al. (14) reported that 12 strains, including 4 type cultures (IF03009, IF03013, IF03335 and IF03336), required biotin for growth and these strains were similarly sensitive to all 4 type phages isolated from B. subtilis (natto) strains. However, strain IF03022 did not indicate biotin requirement for growth, whereas IF03022 was sensitive to only 2 types of phages isolated. The others, including IF03023 of course, were resistant for all phages, and they did not require biotin for growth as shown in Table 1 .
Strain IF03022 produced slightly viscous substance on SG agar plates (Table  1) and carried a single molecular species, pLS 11. The plasmid pLS 11 showed completely different results on digestion with restriction enzymes and a different molecular weight from pUH 1. The homology of pLS 11 was investigated by hybridization with a restriction fragment generated from pUH 1. The 4.2-kb BamHI fragment probe was found to hybridize with the plasmid pLS 11 fragments. Especially, strong hybridization was found in 3 fragments of 2.3, 1.1 and 0.8 kb generated with HindIII (lane 4 of Fig. 3B ). These results suggest that pLSl1 is also a functional plasmid encoding the r-GTP gene.
Strain IF03023, which did not indicate biotin requirement or production of a viscous substance, was tested for hybridization. IF03023 was found to contain 3 small plasmids. As seen in lane 5 of Fig. 3B , neither plasmid DNA hybridized with the probe.
These results suggest that the presence of a correlation between phage host range and functional plasmid encoding the 1-GTP gene in B. subtilis (natto). Furthermore, we might conclude that the B. subtilis (natto) strains, which require biotin for growth, harbor a small plasmid encoding the 1-GTP gene. Recently, we observed that a Bacillus strain, which does not contain small plasmids, has high extracellular 1-GTP productivity. These facts suggest that integration of a plasmid encoding the T-GTP gene might occur at many sites on the chromosome. Most of the plasmids described in spore-forming bacteria such as B, pumilus (1, 21, 22) , B, subtilis (1, (3) (4) (5) (6) (7) 23 ) and B. megaterium (22) are cryptic. A few exceptions exist, such as pPL10 and pPL7065, which determine bacteriocin production in B. pumilus (24, 25) , and pBC7 and pBC16, which determine bacteriocin production and tetracycline resistance, respectively, in B. cereus (6) . However, the very limited information on plasmids in Bacillus species is due, in part, to the fact that none of the plasmids isolated from strains of B. subtilis determines resistance to the more common antibiotics. Therefore, other than autonomous replication, the precise functions of the plasmids in Bacillus strains remain unknown. The results reported here strongly suggest that the 5.7-kb plasmid, encoding 1-GTP gene responsible for PGA production, exists widely in B. subtilis (natto) strains, which require biotin for the growth and produce PGA. Recently, YOSHIMURA et al. (26) observed that plasmids belonging to class 1, 2 and 5 classified by UozuMI et al. (7) strongly hybridized with each other. This suggests that it is possible that, due to a recombinational event, some part(s) of the element encoding the specific 1-GTP gene may have been deleted.
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